The article discusses the results of experimental investigation of highly hollow concrete block masonry and concrete infill block masonry behaviour under compression. The research revealed that upon failure of hollow block masonry, the longitudinal shells are detached from the web which results in crumbling. Masonry deformations of the blocks with concrete infill are similar to those of the infill concrete control samples for longitudinal deformations, which proves fairly good mutual block and infill concrete performance.
Introduction
Highly hollow concrete masonry units are ever more commonly used in masonry construction. It allows the construction process itself to be accelerated, and work expenses at the construction site to be reduced. Hollow masonry units lower natural weight of masonry constructions, improve physical properties of walls, such as noise and thermal insulation. Occasionally, particular masonry construction elements, such as cavities between hatches, wall corner joints can be reinforced by filling in the hollowness, also, reinforced in-wall columns or ring beams can be installed. Hollow masonry units of a special construction solution can be used as a residual mould. In such cases, monolith concrete or reinforced concrete walls are installed.
While designing masonry constructions one of the critical mechanical features is compressive strength and deformations. Mechanic properties of masonry to a great extend depend on constitution of masonry units construction [6] , [4] , hollowness, type of materials and mortar of the bed joints [1] [2] [3] , [5] .
It is characteristic of highly hollow concrete masonry units to possess hollowness of 50 and more per cent, whereas thickness of the shell is 18-30 mm and area of the web is small.
Resolving to the above mentioned masonry construction solutions, it is critical to precisely evaluate mechanical properties of the masonry, such as compressive strength and deformations under static compressive load, gather results of experimental research which would allow precise evaluation of masonry mechanical properties.
The current article focuses on behaviour of highly hollow concrete masonry blocks under compressive loads, and provides results of experimental research of specimens of such blocks.
Experimental programme
Experimental research of hollow concrete block masonry was carried out at the Department of Reinforced Concrete and Masonry Structures of Vilnius Gediminas Technical University. 4 series of masonry specimens were tested. Samples were made using S6 (SM6) and P6-20 (30) hollow concrete blocks (Fig. 1) . Properties of masonry units are provided in Table 1 . Samples of the S6 and S6M series were set of S6 (hollowness 50 %) and SM6 (hollowness -50-53%) hollow concrete blocks. General purpose mortar was used for masonry.
Samples of the P6-20 and P6-30 series were produced using P6-20(M, K) (hollowness -55-60%) and P6-30 (hollowness -68%) hollow concrete blocks. In this case, the blocks were used as residual mould. Upon assembling the blocks in a "dry" manner (without mortar bed joints), after humidifying them, hollowness was filled in with infill concrete, resulting in monolith concrete wall specimens. Mechanical properties of the blocks and infill concrete are provided in Table 1 .
Samples (masonry specimens) were tested under a short time static load in accordance with LST EN 1052-1 [7] . Mechanical properties of masonry units -concrete blocks, mortar and infill concrete were established while testing the blocks in accordance with LST EN 772-1 [8] , and mortar and infill concrete control tests in accordance with LST EN 1015-11 [9] , and LST EN 12390-3 [10] accordingly. While testing masonry specimens, longitudinal and transverse deformations of the blocks, masonry and bed joints were measured (Fig. 2) , and behaviour of masonry under compression was observed. 
Specimens of hollow concrete block masonry
Results of the masonry specimens' experimental research are provided in Table 2 . As mentioned above, it is typical of highly hollow concrete blocks to have small thickness as well as area of the web and the shell; therefore, big compressive stresses appear in the bed joints. The research revealed that failure of the hollow block masonry specimens started from the failure of the bed joints. Big transverse block deformations of the wall flat were observed during the test, stumble of the shell was also noticed. Shells were detached from the web and sudden failure (crumbling) took place (Fig. 3) , rupture load made up about 80% of breaking load. Transversal deformations measured in the middle of the specimen in plain exceeded transversal deformations of the block at the end of the specimen 2-3 times, see Fig. 4 . It illustrates the fact that longitudinal shells are detached from the transverse webs, see Fig. 3 . Typical transversal deformations of the specimens are presented in Fig. 4a , whereas longitudinal deformations in Fig. 4 b. Vertical (longitudinal) deformations of hollow concrete block masonry are defined by deformations of bed joints, which are respectively 3-4 times bigger than masonry and block longitudinal deformations, see Fig. 4b . Crumbling properties of hollow block masonry wall K E was 1100, which meets EC6 recommendations [6] . 
Masonry specimens of hollow concrete blocks with concrete infill
Research results are presented in Table 2 . Failure of concrete blocks with concrete infill is similar to that of a concrete prism, see Fig. 5a , 5b. Cracks were formed under load of 90-100 % of breaking load, before the very failure of the specimen a sudden (crumbling) breakage took place. Until the moment of failure, concrete blocks (residual mould) and concrete infill operated together, no scaling was observed, see Fig. 5 c. Longitudinal deformations of specimens which constitute 50-60% of the specimen compressive strength are similar to longitudinal deformations of infill concrete control samples, see Fig. 6 . The character of longitudinal deformations tells of sufficiently good mutual work of the blocks and infill concrete. Masonry speciment elasticity module was designated under the stress of σ c =0,33 f c [7] (where f c -compressive strength of the specimen) ( Table 2 ) and is similar to elasticity module of infill concrete, which was estimated upon testing control samples, see Table 1 .
Compressive strength assessment of hollow concrete block masonry
In accordance with LST EN 1996-1-1 [6] typical compressive strength of masonry with general purpose masonry mortar bed joints is estimated by applying the following empirical formula:
In accordance with hollowness of concrete blocks the coefficient K= 0,45, estimated typical compressive strength values are provided in Table 3 . Data provided in Table 3 displays a fine match of experimental and calculated strengths in accordance with LST EN 1996-1-1 [6] .
According to LST EN 1996-1-1 [6] , when estimating typical compressive strength of masonry set using general purpose masonry mortar and groups 2 and 3 masonry units, vertical cavities of which are filled with concrete, by applying empiric subordination, normalised compressive strength of a masonry unit f b is established considering masonry units to be of the first group, and their compressive strength equals the compressive strength of the units or the concrete infill choosing the one that is lower. LST EN 1996-1-1 [6] does not investigate an instance when concrete blocks are set in a "dry" manner (without mortar bed joints), and they perform the function of residual mould. Tests of P6-20, P6-30 concrete block with concrete infill masonry revealed that compressive strength estimated by masonry experiments is close to typical cylindrical compressive strength of concrete control samples, see Table 3 .
Conclusion can be drawn that when estimating compressive load of masonry walls with residual mould, when the compressive strength of infill concrete is greater than that of the blocks (residual mould), typical compressive strength of masonry is to be chosen in accordance with the strength of infill concrete, and compressed area is to be estimated without considering area of the residual mould shell.
Conclusions
Experimental study revealed that:
• Deformations of highly hollow concrete block masonry are determined by deformations of bed joints.
• Failure of hollow block masonry starts with the failure of bed joints. It is typical that longitudinal block walls are detached from the transversal web, during the failure, big transversal deformations from the wall flat can be observed.
• Tests of concrete block with concrete infill masonry revealed that compressive strength estimated by masonry experiments is close to typical cylindrical compressive strength of infill concrete.
